"Surgical Insights for the Non-surgeon," or SINS, is composed of several short chapters intended to cover fundamental surgical knowledge for non-surgeons. The authors focus on surgical pearls, operative insights, and applied anatomy. In Chapter 11 of this series, the authors address cardiothoracic surgical issues.
Anatomy
For centuries, the cardiocentric view predominated over the encephalocentric. After all, concluded Aristotle, the body dies when the heart stops; the voice emanates from the lungs; and one can (if so disposed) poke the brain without producing pain. It took centuries (and Galen) to convince us otherwise. It then took until after the Second World War to believe that we could safely operate in this arena. Regardless, poetry and pop-songs prove that the heart and its ailments still hold our attention. What follows is a more prosaic anatomic primer.
Thoracic cavity surgery involves one of three main anatomical areas: 1)the heart, 2) lungs and pleural spaces (including diaphragm and chest wall), and 3) other mediastinal structures (see below). Within the thorax, two lungs are attached to the mediastinum at the hilum (plural is "hila"). It is through these 'roots' that the blood vessels and bronchi pass. The lungs are not attached to the thoracic cavity at any other location. Each lung is covered by pleurathe lining which wraps around the lungs and also covers the inside of the thoracic cavity. Visceral pleura covers the lung; parietal pleura covers the inside of the chest wall, diaphragm, and mediastinum.
The right lung has three lobes (upper, middle and lower), separated by two fissures (oblique and horizontal). The left lung has two major lobes (upper and lower), separated by an oblique fissure. The bronchial tree starts within the mediastinum, and enters each lung through the hilum as right and left main bronchi. Each main bronchus divides into lobar bronchi (corresponding to each lung lobe) before dividing further into segmental bronchi. (Figure 1 ) Within the left lung lies the lingula (a smaller counterpart to the right middle lobe).
The mediastinum is commonly described in four parts: superior; anterior; middle; posterior ( Figure 2 ). The superior mediastinum contains the inferior trachea, esophagus, thoracic duct, aortic arch, brachiocephalic artery, left carotid and subclavian arteries, brachiocephalic veins, superior vena cava (SVC), phrenic nerve, vagus nerve (and its recurrent laryngeal branch), and lymph nodes. The anterior mediastinum contains the thymus and lymph nodes. The middle mediastinum contains the heart and pericardium, roots of the great vessels, azygous vein arch, lung roots, bronchial lymph nodes, and phrenic nerves. The posterior mediastinum contains the descending aorta, azygous and hemi-azygous vein, esophagus, thoracic duct, vagus and splanchnic nerves.
The chest wall consists of skin, subcutaneous tissues, and muscles: the pectoralis muscles (anteriorly), latissimus dorsi and serratus (postero-laterally), and the sternum (manubrium, body, xiphoid process). There are 12 ribs, with 1-7 considered "true" ribs (or "fixed ribs" or "vertebrosternal ribs") because they attach directly from vertebra to sternum. Ribs 8-12 are "false ribs" (or "vertebrochondral ribs"): with 8-10 attaching to the sternum indirectly via the costal cartilages of the ribs above. Ribs 11 and 12 (which have cartilaginous tips) are called "floating ribs" because they attach only to the posterior vertebrae, and not to the sternum or sternal cartilage. Ribs 1-7 provide structure and protection; ribs 8-12 allow flexibility and respiratory excursion.
Anyone who has been for barbeque-ribs knows that the intercostal spaces contain layers of muscle. The external intercostals are positioned anterior-to-inferior, and the internal intercostals are posterior-to-inferior. The neurovascular bundle is found between two layers of the internal intercostal and sheltered behind the "blade" of the rib above (therefore place chest tubes above the rib, not below, so as to avoid a bloody mess). God put the internal mammary artery (or internal thoracic artery) near the midline: presumably to give cardiac surgeons easy access to this conduit vessel. The diaphragm has three muscular leaflets that surround a central tendon. This muscular dome separates the thoracic from abdominal cavity. The diaphragm attaches to the xiphoid process and costal margin anteriorly, and the ribs and vertebrae posteriorly. The right and left crura (aka the posterior diaphragmatic tendons) insert into lumbar vertebrae L1 and L2. The body of the diaphragm has three foramina (windows) that allow passage of the esophagus, descending aorta and inferior vena cava (IVC).
The heart is covered by fibrous pericardium, beneath which the right and left coronary arteries provide myocardial blood supply. The right coronary artery starts above the anterior aortic valve leaflet. It branches to the right atrium and sinoatrial node before dividing into the right marginal (acute marginal) and posterior interventricular arteries (posterolateral branch and posterior descending artery -in patients with right dominant anatomy). The left coronary artery commences above the left posterior aortic valve leaflet and continues as the left 'main stem' before dividing into the left anterior descending (which in turn gives arise to diagonal branches) and the circumflex artery (which further divides into obtuse marginal arteries and the posterior descending artery in left dominant anatomy). There is a variable degree of anastomotic linkage between the distal right and left coronary arteries. (Figure 3) The heart is divided into right and left sides (referring to the 'sides' of the circulation, pulmonary versus systemic, rather than anatomic position). The atria are separated from the ventricles by atrioventricular (AV) valves (tricuspid and mitral). The semilunar valves (aortic and pulmonary) control blood egress from the ventricles. The right atrium can be thought of as an enlarged area within a continuous tube -the upper part of the tube being the SVC, and the lower portion being the IVC. The tricuspid (three-leaflet) valve sits between the right atrium (RA) and ventricle ( Figure 4 ). The right ventricle sits partially on the diaphragm, and partially behind the sternum and anterior ribs (and therefore is the ventricle most commonly initially injured during stabbings). The right ventricle becomes the pulmonary trunk near its superior surface at the position of the trileaflet pulmonary valve. The left atrium, which collects blood from the pulmonary veins, sits almost beneath the carina of the bronchi (hence, when enlarged, it can cause "splaying" of the carina on chest Xray).
Functioning heart valves ensure unidirectional blood flow. The mitral is the only valve that normally has two leaflets. These leaflets, when together, resemble a Bishop's hat : a mitre. After oxygenated blood passes through the mitral valve it enters the left ventricle, which sits to the left and partly C a n a d i a n J o u r n a l o f G e n e r a l I n t e r n a l M e d i c i n e
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V o l u m e 1 0 , I s s u e 2 , 2 0 1 5 behind the right ventricle. The left ventricle is far more muscular than the right (hence the larger troponin increase with left-sided versus right-sided damage). In 2D short-axis echocardiography, the left looks like a thick-walled donut, whereas the right is thin and D-shaped. The left ventricular outflow tract contains the aortic valve (three leaflets normally; bicuspid occasionally-which can result in pathology) and the aortic root. Within both ventricles are papillary muscles, which anchor the AV valves in place. (Figure 4 ). The contraction of the muscle fibers of the heart is normally synchronized, however when the individual small fibers (or fibrilla, in Latin) start to contract independently of one another, the heart is said to fibrillate.
Cardiothoracic Incisions
Access to the thoracic cavity is obtained by: 
Chest (a.k.a Pleural) Drains
• Common on both surgical and medical wards • Multiple drains may be placed during thoracic surgery º Typically, one is placed apically ■ To drain pneumothoraces º Another is basal, or next to the resected area ■ To drain blood or effusion º Occasionally, contralateral drains are placed ■ These can pass over the mediastinum ■ To the uninitiated, the Xray can look as if tubes pass through the heart
• There are many potential complications of chest drain insertion, including: º Hemorrhage º Trauma to the lung, pericardium, or mediastinal structures ■ Never insert a surgical chest drain using a trocar ■ Never do that -trocars are sharp and will easily penetrate heart and other structures. º Migration or misplacement of tubes ■ In the obese it is common to misplace into subcutaneous tissues rather than the thoracic cavity ■ Chest tube drainage holes can migrate until they are outside the patient • Which loses the airtight seal, and can entrain air º Damage to the diaphragm or abdominal viscera ■ More common when drains are outside of the "safe zone" ■ The safe zone is:
• Superior to the nipple; inferior to the axilla; lateral border of pectoralis major, anterior border of latissimus dorsi) ■ Insertion advice:
• In women: follow the infra-mammary crease to the mid axillary line • In men: follow the nipple line laterally to the mid axillary line ■ Accidental trans-diaphragmatic chest drains
• The chest drain goes through abdominal structures (such as liver) before entering the thoracic cavity • More common when using Seldinger insertion kits, or when not using ultrasound
• Persistent bleeds may require surgical exploration (see surgical pearl)
• Persistent pneumothoraces may indicate a bronchopleural fistula º Chest drains may need to be on suction to encourage drainage (typically minus 20cmH 2 0) ■ Later, you may need to decrease that suction to allow hole to heal ■ Or a second chest drain may be required
• Which is usually placed in a different position
• Maintain an index of suspicion regarding occult pneumothoraces º Especially in patients on positive pressure ventilation º On supine Xrays, pneumothoraces may not be visible apically º Air collects anteriorly, so look for:
■ Abnormally deep costophrenic or cardiophrenic recess ■ Sharp cardiomediastinal border or pneumomediastinum ■ "Double diaphragm" sign outlining inferior lobes ■ Air 'bands' in the minor fissures C a n a d i a n J o u r n a l o f G e n e r a l I n t e r n a l M e d i c i n e
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Surgical Pearl:
Hemorrhage from chest drains:
• The commonest causes of bleeding are:
º Intercostal vessel damage (e.g. during scalpel incision, or laceration during drain insertion) º Intraparenchymal damage (e.g. during drain insertion) º Damage to associated tissues (e.g. trans-diaphragmatic insertion)
• Anything that results in ≥ 600mls in 6 hours requires surgical review, e.g. º 600 mls in one go º 200 mls/hour for 3 hours º 100 mls/hour for 6 hours
• If bleeding is suspected, obtain an urgent chest Xray and/ or ultrasound º Ultrasound (U/S) good for detecting fluid within the thoracic cavity (and may visualize fibrin-stranding associated with hemorrhage) º U/S not good for seeing through adipose (i.e. obese patients) or air (e.g. pneumothorax/surgical emphysema) º Hemorrhage may be occult/invisible (i.e. the chest drain may be blocked)
• • Pneumonia is a common complication of thoracic injuries or surgery º Antibiotics should cover hospital-acquired bugs and aspiration
• Chronic, neuropathic pain can be associated with chest trauma and surgery C a n a d i a n J o u r n a l o f G e n e r a l I n t e r n a ■ Involves a right thoracotomy and a neck incision º Trans-diaphragmatic approach ■ Transhiatal rather than transthoracic ■ Mobilization of the esophagus, and stomach ■ With a 'pull-through' the diaphragm (so no thoracotomy is performed)
• Resulting esophageal "conduit" can have tenuous blood supply º Prone to anastomotic breakdowns and mediastinitis
º Similar to lung resection surgery º Also chyle leaks Illustration by Rachel G. Khadaroo and Dawne Colwell C a n a d i a n J o u r n a l o f G e n e r a l I n t e r n a l M e d i c i n e
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V o l u m e 1 0 , I s s u e 2 , 2 0 1 5 ■ Fatty fluid, from the lymphatics/thoracic duct in the thorax º As well as chest drains, a naso-gastric (NG) tube often left as an endo-luminal drain after surgery ( Figure 6 ) ■ Placed at the level of the anastomosis ■ Therefore, on Xray, it may seem 'malpositioned'
• I.E. it sits above the diaphragm ■ Do not manipulate the NG tube º Esophageal surgery is mediastinal surgery ■ Therefore, effusions/hemorrhage can be contralateral to the thoracic incision º Rarely, esophageal tumours can adhere to the pericardium ■ Cardiac complications, such as tamponade, can occur
Surgical Pearl:
Esophageal leaks and ruptures Causes include:
• Esophageal cancer • Trauma/iatrogenic perforation (e.g. during endoscopy, trans-esophageal echocardiography, dilatation of an esophageal stricture)
• Spontaneous esophageal rupture º Boerhaave's syndrome (associated with vomitingpatients often describe a "popping" feeling). º Perforation of esophageal erosions, or an infected ulcer (typically HIV-related) º Ingestion of corrosive substances, or 'pill-esophagitis' Esophageal rupture/leak associated with:
• History of sustained vomiting, dysphagia, odynophagia • Enteric organisms in the pleural fluid (particularly mixed flora, enterococcus, or candida) Diagnosis often delayed due to differential diagnosis:
Treatment: i) Adequate chest drainage (often a large bore drain due to particulate matter), ii) Broad-spectrum antibiotics (due to the organisms mentioned above), iii) Early surgical consultation
Other considerations
Fluid balance after surgery and thoracic trauma
• Lung vascular permeability is increased • Restricting intravenous fluids can reduce interstitial edema ('dry lungs are happy lungs') º Approximately 1-1.5 ml/kg/hour º But, must be balanced against the need for intravascular resuscitation
Coronary Revasularization Surgery
• Coronary artery bypass grafting (CABG) º To circumvent (i.e. bypass) stenotic coronary arteries in critical ischemic heart disease º Increasingly, first line therapy is percutaneous coronary intervention (PCI) º CABG is preferred for:
■ Multi-vessel disease ■ Left main stem disease ■ Mild-moderate left ventricular dysfunction (ejection fraction 35-50%) and either multi-vessel disease or proximal LAD disease ■ Diabetic with multi-vessel disease ■ Complex three-vessel coronary artery disease ■ Possibly also chronic kidney disease
• Options for conduit include: º Saphenous vein; radial artery; left internal mammary artery (LIMA) (also referred to as left internal thoracic artery (LITA)
• Typically patients mechanically ventilated for a short period after surgery º Early post-op care performed in an intensive care unit (ICU) º Median sternotomies not usually as painful as other thoracotomies (unless, one is the actual recipient of the sternotomy incision, in which case, it still hurts like heck) ■ So, less analgesia required; ventilator weaning usually rapid
º Myocardial infarction (MI) ■ Leading cause of death post-CABG; increased subsequent incidence of heart failure and hospital readmission C a n a d i a n J o u r n a l o f G e n e r a l I n t e r n a l M e d i c i n e V o l u m e 1 0 , I s s u e 2 , 2 0 1 5 
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Surgical Pearl:
Cardiac arrest after cardiac surgery
• Epinephrine (adrenaline) to be used with extreme caution and probably reduced dose -to reduce hemorrhage and ischemia.
• Epicardial pacing helps if asystole or severe bradycardia
• Re-open the sternotomy early (even if tamponade not clinically obvious)
In some centers, different guideline are used for arrests following cardiac surgery (these guidelines differ from the AHA/ACC guidelines -and are called cardiac advanced life support or CALS)
Cardiopulmonary bypass (CPB)
• Most cardiac surgery is performed using CPB (heart-lung machine)
• CPB maintains systemic circulation by isolating/excluding heart and lungs
• The heart is arrested to facilitate a motionless, bloodless, surgical field º Usually achieved by infusing a cold, potassiumcontaining, cardioplegia solution: directly into the aortic root or coronary ostia º After surgery, the heart is restarted and the patient weaned from CPB º Less commonly, surgery can be performed "off-pump" ■ This uses a stabilization system which typically means a specialized retractor or suction cup system (intended to reduce the motion of the target cardiac wall) ■ Allows surgery while the heart is still beating
• Prior to arresting the heart, patient is cannulated and connected to an extracorporeal circuit, consisting of: º A venous reservoir to drain blood under gravity from the venous system (right atrium and IVC via a single cannula; or bicaval drainage using two cannulae) º Blood tubing circuit and roller pump º Heat exchanger º Oxygenator and carbon dioxide removal membrane º Filter to remove air and clot. º Cardioplegia delivery system. º Return arterial line to deliver blood ■ Typically returned to the ascending aorta
• Circuits need to primed (air-removed) prior to use º Most commonly primed with crystalloid/colloid solutions in adults º Can result in hemodilution (which may offer some rheological advantages to the microcirculation)
• Blood needs to be anticoagulated during CPB • Aortic Dissection is a high-mortality, vascular catastrophe.
• Unfortunately, aneurysms typically asymptomatic unless they suddenly leak, rupture, or dilate; at which point: at which point:
• Chest pain is common (often mistaken for MI) ■ Sharp, tearing chest pain • Typically, anterior chest pain in Type A • Typically, back pain in Type B -radiates to between the shoulder blades
• For patients with chest pain, always ask: 'why is this not an aortic dissection?' º Because administering thrombolytics can be fatal º And because EKG changes can also occur with aneurysms ■ Due to coronary involvement º Look for tachycardia, nausea, and a feeling of "impending doom" ■ Admittedly, this latter symptom sounds trite ■ Anecdotally, however, it is surprisingly common º Less common signs include:
■ Dysphagia ■ Hoarseness, or occasionally stridor ■ Neck swelling ■ Stroke
• Presentation can also include:
º Coronary dissection (hence the EKG changes) º Rupture/cardiac tamponade ■ Malperfusion syndromes (mesenteric ischemia, limb ischemia, neurologic deficit)
• Surgery usually required for ruptured/leaking aneurysms º And considered for subclinical aneurysms ≥6cm º Descending aorta aneurysms may be amenable to intravascular stenting º Either way, time is of the essence: rapid diagnosis and intervention essential Aortic Transection/Blunt Aortic Injury
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• Typically distal to left-subclavian artery (aortic isthmus)
